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Baryo N Spectra Takayama-Toki-Hosaka

Prog.Theor.Phys.101:1271-1283,1999
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Excitation energy (MeV)
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Observations

Nucleon spectra

e Rotational band
Roper is the band head ?

Theory
N=2. N=1
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» 1/2- Levels scatter
Strong meson-baryon correlation
due to chiral symmetry
=>
Renormalization due to meson cloud
IS important ~ A(1405)
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Quick summary

 There Is nice systematics in baryon spectrum
Some are out of it

e A(1405) KN quasi-bound state?  s=-1
N(1535) Mirror chiral partner of N(939)
Jido-Oka-Hosaka, Prog.Theor.Phys.106:873-908,2001

e ®(1540) Pentaquark S=+1

Does chiral symmetry play an important role?
Strangeness
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e Chiral unitary model

C h i ral I ag ran g i an (?[:10(1;)1', et al. PLB500, 263

E. Oset, ef al. PLB527, 99

D. Jido, et al. PRC66, 025203

T. Hyodo, et al. PRC68, 018201

C. Garcia-Recio, ef al., PRD67, 076009
D. Jido, et al., NPA725, 181

T. Hyodo, ef al. PRCG68, 065203
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Yukawa Tomozawa-Weinberg
~ Axial current  ~ Vector current
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Meson-baryon scattering

T=V+V : T

E-H,

e The chiral unitary method sums up all diagrams of s-channel

e For attractive interaction, there would be resonances

NPO4, Tokai, Aug. 2-4 (2004)
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K-P scattering K p—mB
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Two poles around A(1405)

Im z, [MeV]

— Jido et al, Nucl. Phys. A725:181-200, 2003
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|_ocation and shape
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Observe different shapes of the two poles
Kaon-induced reactions
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Mass distribution

ML mas= distribution
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Summary for A(1405)

» Chiral models predict two poles for
KN quasi-bound states

e The higher one couples to KN
The lower one to X

 Interesting to test chiral dynamics

NPO4, Tokai, Aug. 2-4 (2004)
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Photo-production at LEPS
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T. Nakano et. al. (LEPS collaboration),
SPring-8 Phys. Rev. Lett. 91, 012002 (2003).
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Some data

LEPS at Spring-8 CLAS at J-Lab
hep-ex/0301020 hep-ex/0307018
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Experiments
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Negative results

m E690 (pp, Vs = 39 GeV)
m CDF(pp, Vs = 1.96 TeV)
m BaBar (efe-, Vs = 10.58 GeV)
m Belle (e*(3.5GeV)e-(8GeV)
=> K*(~1GeV)N)

NPO4, Tokai, Aug. 2-4 (2004)
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Data

800 GeV
pp — (PK )K" 77 p

Cinsider reaction mechanism

Titov-Hosaka-Date-Ohashi
High energy preceses may be
Suppressed by quark counting

QuickTimey ¢2
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Theory

Mass Spin Parity | Width
Quark model |~1.7 GeV |[1/2,3/2 - Too large
~1.9 GeV i OK
Chiral soliton |~1.5GeV |1/2 + OK
Lattice ~1.5GeV |1/2 (assumed) |- (+?) |?
Sum rule ~1.5GeV |1/2 (assumed) |- (+?) |?

?

Chiral dynamics?

NPO4, Tokai, Aug. 2-4 (2004)
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Parity

: Weak pion Strong pion
Chiral bag

| | | |
00 02 04 06 08 10
Chiral angle F(R)/n

bag ~<€—  Skyrmion (0s)# 0s (0s)3 Op Os
Negative parity Positive parity

NPO4, Tokai, Aug. 2-4 (2004) 23



Decay width Very sensive to parity

Quark model calculation
Positive vs. Negative parities
Exact calculation of 5-body system

NPO4, Tokai, Aug. 2-4 (2004)
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Decay of baryons T

e O
1/2+ P-wave coupling M

2 3
T Okne Mq
L =gunoN7eOK — I = !

For M* = 1540 MeV, g = 13, then /"= 180 MeV
If g =4, then /'=20 MeV

1/2-  S-wave coupling

2
L =gnoNOK — [*:[*(EJFL\/') = 9GeV
g + bl ! 1 GeV
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Rough estimate in the quark model

nqq Y

L rqq =90 L O
mq = 947574 — gﬁ
g

Through the GT relation Matrix element of
axial current

NN

gan ~ (N +2)g ~ 59 y 0
TR

Coherent sum over
Three quarks
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Actual calculation

Negative parity

Assume SU(6) and (I=0)°>~ ground state
SFC wave function is uniquely determined

/g(‘ ................ K
G
N g~3
©)= ZIKNY+ ... I~ 500 MeV
2
11E| K*N>+ : :
243 1/2- state 1s almost continuum
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More complicated than s-wave

Positive parity due to p-wave excitation

1. Attractive for sf interaction Z 5, 5; BA

i
5
0= KN)+ . g8 = r=80Mev

IKNe _ /3

2. Attractive for cs interaction Okno

‘@>= 19%‘KN>+... g~6 => ['~40 MeV

NPO4, Tokai, Aug. 2-4 (2004)
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3. Diquark correlation Jaffe-Wilczek
hep-ph/0307341

Phys.Rev.Lett. 91 (2003) 232003

~.0) [qq §=0,1=0,C=3*

Correlation in CSF part only (N0 orbital)

g~3 => 71"~ 10 MeV

Decay width of positive parity can be small
negative parity iIs likely to be large
(strongly coupls to scattering states)

NPO4, Tokai, Aug. 2-4 (2004)
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4. Dynamical calculation of 5-body system
Hiyama, talk at Pentaquark04

With Kamimura, Hosaka, Toki and Yahiro

Very recent and new accurate calculation for five body system

p_2 Gaussian Expansion Method
H :Z m "‘m—l +Veont + Vss_corr (Hiyamaet al.)
I
““--5...'0.
®

;2 4 % 4
O~qqqes)= ;Y e Py N

. P .

3 -

Q”.J. "\1..0
Scattering state
Confined state
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Energy levels

Confined only Confined + scattering

k9. i]r(%i-quark 951 Mev

127 T ssamev
nEQ

__—— .
967 MeV

=4 MeV
Feshbach Resonances

__———> IS
577 MeV
I'=1MeV

[

NK threshold
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Phase shifts

phase shift 6 (E)
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What we expect

Op ° Positive parity
4 Energy high?
Os (0s)* 1p Narrow width
Op Negative parity
0s (05)5 BUT almost continuum

NPO4, Tokai, Aug. 2-4 (2004)

> 1/2-

1/2*

KN-threshold
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Summary for Pentaquark

« Experimental and theoretical situations are not yet fixed

Both chiral soliton and quark model prefer 1/2+
Narrow decay width may be explained

Need more theoretical study (Models, lattice,...)

* Narrow resonance (I' ~1 MeV) indicates systems
which can not be accessed by ordinary hadrons (processes).

« Reaction mechanism is crucially important.

NPO4, Tokai, Aug. 2-4 (2004)
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Determining parity

| | + Nam-Hosaka-Kim
(l)y tn ->K _+ © hep-ph/0308313, Phys.Lett.B579:43, 2004
(2) K* production
+ - - Hyodo-Hosaka-Oset
(3) K™ Iinduced reaqction | /0307105, phys.Lett.2579:290, 2004

”
”
11 1 When averaged over spin

DIffICUlty _Q\ il Both are isotropic

(4) Model-independent method

Thomas-Hicks-Hosaka
I‘jp’ S R hep-ph/0312083, Prog. Theor.Phys.111:291,2004,

Nam-Kim-Hosaka, hep-ph/0401074

NPO4, Tokai, Aug. 2-4 (2004) 36



Model-independent method

A |
_p A O Atthreshold
T=1 K, or K* .
14 | | S-wave dominant
P \/ DLy

IfS=0, thenL,=even,P=even ==> P(0)=+

IfS=1, thenL;=odd,P=0dd ==> P(®)=

NPO4, Tokai, Aug. 2-4 (2004)

37



Nam-Hosaka-Kim,

Cross sections hep-ph/0401074

1 _ I'=15 MeV
Positive parity Negative parity
0 O
C‘MCiCAEsENEA QWAJ aOCE C(Z iKovG-GOA c CAESENE EE g\/l jzg%%&g EaCEA 6vC-COAB
S=0 é:
S=1 S=0

2729

1.5 ub 0.15 ub
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Results from Julich

hep-ex/0403011

Beam mometim eXCess Oiot (pp—pKDz+)
energy
2.85 GeVie 93 MeV 7.8+1.6 ub
2.95 GeV/e 126 MeV 127=13 b 32 MeV above OX
3.2 GeVie 206 MeV 27.242.5 ub
!

arbitrary units

O =

0.4+0.1+0.14b

=18 +- 4 MeV

NPFU4, 10Kal, Aug. 2-4 (2004) 39



What we can say

At 30 MeV above the ®X threshold
Reduction due to initial state int.

['=15 MeV

Positive parity 0.5 ub

Factor 10 difference

Negative parity 0.05 ub

NPO4, Tokai, Aug. 2-4 (2004)



sSummary

Many baryons are fit into a nice systematics

Negative parity baryons are influenced by chiral meson-
baryon int. Quasi MB states

There Is much to study for Pentaquarks, not well

explored by theory.
Interesting features from ggg, ggqqqg, and more, before
going to the multi-quark matter.

NPO4, Tokai, Aug. 2-4 (2004) 41



